I CLAIM: 




1 . Non-destructive testinjg^paratus, comprising: 

a photon source, smd photon source producing phdtons having a 
predetermined energy md directing the photons toward a specimen being tested, 
the photons from saia photon source resulting Jjj/nKf creation of positrons within 
the specimen being lested; and 

a detector, said detector positio^d^acent the specimen being tested so 
that said detector detects gamma racys produced by annihilation of positrons with 
electrons, the gamma rays produce/, by The annihilation of positrons with 
electrons being indilativyof a material characteristic of the specimen being tested. 



2. The non-destructive testing apparatus of claim 1 , wherein said photon 
source comprises a source of bremsstrahlung photons. 



3. The non-destructiw testing apparatus of claim 2, wherein said source of 
bremsstrahlung photons comprises: 

an electron accelerator, sMc > Isetron accelerator accelerating a stream of 
electrons to a predetermined energy\and 

a target operatively associatedvwith said electron generator, said target 
intercepting the stream of electrons fr( m said electron accelerator and producing 
photons. 
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4. The non-destructwe testing apparatus of claim 1, wherein said photon 
source comprises an isotopicyphoton source.. 

5. The non-destructive testing apparatus of claim 1, wherein said detector 
comprises a germanium fletector. 

6. The nonl-destructive testing apparatus of claim 1, further comprising a data 
processing system opei atively associated \^kysaia detector, said data processing system 
processing data from s$d detector to pr^d^e^uman-readable output data indicative of 
the at least one material^pharacteristic o/the specimen. 

^y^^ Tte non-de^fructive testing apparatus (fi claim 6, wherein said data 

processing system is operati^ely associated with said photon source, said data processing 
system operating said photon \ource to produce photons having the predetermined 
energies. 

8. Non-destructive testing ap]6ar4tus^5omprising: 

photon generating means fOTproaStjcing photons having predetermined 
energies and for directing thephoaons toward a specimen being tested, the 
photons from said photon generating means resulting in the creation of positrons 
within the specimen being tested; and 
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detecting means for detecting gamma rays porauced by annihilation of 
positrons with electrons wimi/the specimen bey^g tested and for producing an 
output indicative of a nmenal characteristic off the specimen being tested. 



9. A method, comprising: 
producing photons having energies Within a predetermined energy range; 
directing the photons at a specimen to be tested, the photons resulting in 

the creation of positrons within the spep/men being tested; and 

detecting gamma rays produc^ by annihilation of positrons with electrons 
within the specimen. 

10. The method of claim 9, further comprising determining a material 
characteristic of the specimen based on the djeteeted gamma rays. 

1 1 . The method of claim 9, wherein the step of producing photons comprises: 
accelerating elections to electron er^rgies within a predetermined electron 

energy range; and 

directing the electrons toward a target,fthe target producing photons in 
response to bombardment by the accelerated electrons. 



12. The method of claim 9, further comprising: 
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determining whether the specimen being tested will produce at least one 
positron emitter therein in response to pjnoton bombardment; 
selecting a positron emitter to He produced; 

determining a photon energy required to produce the selected positron 
emitter; and 

setting the predetermined energy range so that it encompasses the photon 
energy required to produce the selected positron emitter. 

13. The method of claim 12, further comprising: 

determining a half-life outhp-at least one positron emitter; and 
alternately activating jhe at ldist one positron emitter and detecting 
gamma rays produced by aiSniful#flfon events when the half-life of the at least one 
positron emitter is less than d sele&sd half-life. 



14. A method, comprising: 

providing a specimen comprising at least one positron emitter; 

determining a threshold energy for activating the at least one positron 
emitter; 

activating the at least one positron emitter by bombarding the specimen 
with photons having/energies at least as great as the threshold energy; and 

detecting gamma rays produced by annihilation of positrons and electrons 
within the specimen; and 
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determining a material characteristic of the specimen based on the detected 
gamma rays. 

15. The method of claim 14, whrcein the step of activating comprises: 
producing photons a portion/of which have energies at least as great as the 

threshold energy; and 

directing the photons at thh specimen. 

16. The method of claim 14f, further comprising determining a positron 
lifetime based on the detected gamma rays. 



17. The method of ( 
algorithm to determine the at 



;laitfi 1$, further comprising using a Doppler broadening 
le material characteristic. 



18. The method of maim 14, further comprising using a three dimensional 
imaging algorithm to determine a position within the specimen of a positron/electron 
annihilation event. 



19. A method, icomprising: 

providing a specimen comprising at least one positron emitter; 

determining a threshold energy for activating the at least one positron 
emitter; 
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determining whether a half-life ofjfthe at least one positron emitter is less 
than a selected half-life; 

when the half-life of the at least £ne positron emitter is greater than or 
equal to the selected half-life: 

activating the at least onv positron emitter by bombarding the 

specimen with photons having e lergies greater than the threshold energy; 

and 

detecting gamma rays produced by annihilation of positrons with 
electrons within the specimen; 

when the half-life of the a; Irj&i cjne positron emitter is less than the 
selected half-life: 

activating for an activatio i time the at least one positron emitter by 
bombarding the specimen with p lotons having energies greater than the 
threshold energy; 

detecting for a detection ftime gamma rays produced by 
annihilation of positrons with electrons within the specimen; and 

repeating said steps of/activating for an activation time and 
detecting for a detection tin until detecting a sufficient number of gamma 
rays to determine at least one material characteristic of said specimen. 
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